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BLACKWATER DAM AXD RESFRVOIR

Pertinent Data

Dam and Dikes

Type of structure................... .Concrete and rolled earth fill

Maximum height of dam, feet (above deepest part of foundation)..;?o'

Ilevation of top of dam, above mean sea level...... ettt .58L
Length of dam along axis, feet ... ... .o ..1,100
Agzregate length of dikes, £ebue.uuuuneunensanennnnnnn ... .1,620
Volume of main dam, earth fill, cubic yards............ ceev e 152,000
rock fill, n B e e e, 42,000

concrete fill," T e e 26,000

Total volume, cubic vards 220,000

Volume of dikes, earth £ill, cubic g B ale - SN £7,000
rock fill, " B e e, 2,500

Total volume, cubic yards’ 75,500

Spillway and Outlets

Crest elevation, above mean sea level. ... ......... ceeiean ceese 566

Length, feet........oooiiiuinn. ... e e e, .240

) 1 ungated, 3'-6" x £1-6"
Size of outlets, Y rectangular outlets -3 gated,  3'-GY x mt_xn

Elevation of invert of outlets........ et ettt ettt ..515
Reservoir
Drainage area, square miles............ et et 127.5
Flevation of top of £100d control Poole......oeeennsnonono .. 566.
Capacity in acre-feetu.......o.o..viuieunnennon 000 46,000
Capacity in cubic feebt.........ooo...... ettt e 2,004, 000,000
Cavacity in inches of run-off................ Ce et et ieetet e 6.8
Length of reservoir, pool full...vueeuenun ... .about 7 miles
Area of reservoir, pool full....e..eoononn oo, .. cerenenn 36128
acre

Total estimated cost including construction,
engineering, supervision, lsnd and relocation
of utilities................. e te ettt ..$1,300,000
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DESCRIPTION OF PROJECT

During the history of MNew England and particularly in the last two
decades, this section of the country has been afflicted with floods on
the principal rivers which have resulted in the loss cf life, destruc—
tion of puolic and private property and disrupted communication and
transportation facilities, These floods reachcd a peak in destructive
power in 193b when record flood conditions prevailed on practically
all of the large rivers of the northeast, paralyzinz the economic life
of the people over widespread areas, To provide protection from such
disasters in the Merrimack River Basin, Congress authorized, by the
Flood Control Acts of 1936 and 1938, the coastruction of a comprehen—
sive system of reservoirs and other worits, The State of New Hampshire
in 1939 passed lezislation enabling the Federal Government to acquire
land for flood control purposes, The Blaclwater Reservoir is part of
the comprehensive vlan for the Merrimack River Basin which, in con-
Junction with the Franklin Falls Dam now under construction, local
protection works in operation or under construction, and other proposed
reservoirs, will form a coordinated system for flood control affording
the most econcuical protection for the Merrimack River Basin,

The Blackwater Reservoir, first to be completed under Federal
Flood Control Acts in the New England States, is located on the Black-
water River in New Hampshire, 8,2 miles above the confluence with the
Contoocook River, and 118.8 miles above the moutn of the Merrimack
River of which the Contoocoolr is a principal tributary, The reservoir
lies within the towns of Webster and Salisbury in the County of ierri-
mack, the Dam being situated just above the village of Swettls Mills
in Webster, about 17 miles by highway nortiwest of Concord, New Hamp—
shire,

The reservoir, which controls a drainage area of 127.5 square
miles, has an area of 3,140 acres at the snillway lip {elevation 566,0)
and a flood control storage cajacity of L6 000 acre-feet, which is
equivalent to 5,8 inches run—oif over th e «rairage area. The river
originates on comparatively steep mountain slopes with rapid run—off
and forms at the confluence of three headwater tributaries about 20
miles by river above the dam site. The drainage basin is aporoximately
19 miles long with a maximun width of 12 miles with the greater part
of the reservoir located in the main valley for about 7 miles between
the Dan and West Salisbury, The reservoir area is composed of anp*ox1~
mately 12% cultivated land, 9% pasture land, 784 wooded land and 5%
water surface. Due to the sparse settlement and undeveloned character
of the region, no relocation of railroads or villages was necessary.
However, it has been necessary to relocate existing hizhways and ceme—
teries in the area., One highway relocation connecting Corser Hill in
Webster with Swett's Mills and crossing the Blackwater River just be-—
low the dam site forms a link in the main route through this section.

A second relocation, presently under construction, curves westward just
below the earth embankment of the Dam, One cenetery within the reser-
volir area has been relocated and can be seen on the road connecting



Corser Hill ard Dingits Corner., About 1,000 remains were involved in
this relocation, The Government will purchase 211 the land lying in
the reservoir basin up to the elevation of the spillway crest (eleva~
tion 556.).and the buildings on these lands have been sold to the
highest bidder and are currently under process of demolition and re—
moval,

The Dam is located at a point where the river had incised a deep,
narrow bedrock gorge. Bedrock on the site was either exposed or ac-—
cessible over the entire dam site at comparatively shallow depths,
rarely exceeding fifteen feet. he rock structure is generally a
coarse granite and for the most part, esrecially in the river section,
was nuch fractured but suitable for structure foundations,

The initial flood control development of the Blackwater Dam cone
sists of a concrete spillway, a concrete non-overflow section, and an
earth-fill retaining section, The concrete spilluay is a wide-base,
gravity—-type Ogee section having a crest length of 240 feet and a
naximum height of 70 feet above the deevest part of the foundation.
The concrete non-overflow section is adjacent to the spillway and
consists of a buttressed section U0 feet long, containing provisions
for a future penstock intake and a wide-base gravity section 130 feet
long connecting with the earth embaniment. The embankment is a wide-
base structure having a length of 700 feet and a maximum height of
60 feet. It is comstructed of rolled earth-fill with a central ime
pervious core and is protected by means of an upstream rock shell and
a downstream rock-filled drainage toe. All masonry structures, the
central core and downstream toe of the embankment are founded on bed—
rock, In addition to the main dam, one dike having a lengtl of 1200
feet and a maximum height of 34 feet, and a second dike having a
length of L20 feet and a maximum height of 20 feet have been con-
structed, These dikes are required in locations where the existing
ground is at a lower elevation than the top of the dam and without
which impounced water would escape from the reservoir,

The spillway consists of a mass concrete structure founded on
bedrock with curved "buckets" to deflect the overflow parallel to the
discharge channel bed., The gorge below the spillway has been enlarged
to prevent possiblc overflow of the original narrow channel and will
pass the designed spillway outflow without submerging the spillway
crest, In the interior of the spillway structurce, three chambers have
been constructed, accessible by galleries from the outside, in which
gate—-operating mechanisms are located, The flood control outlets
consist of one ungated rectangular onening 3% " x 5! 5" in cross—
section and three gated outlets each 3! 6" x 5% 3" a1l located in the
spillway section, The capacity of the outlets has been determined to
provide for control of a flood derived from the maximum storms recorded
in the northeastern parts of the United States. Flow through three
conduits is controlled by means of slide gates. ZEach gate is embedded
in the concrete as a urit with the gate leaf traveling vertically in
guldes, In each gated conduit there are two gates, one for ordinary
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Above: Looking West from East abut-
ment of dam at start of construction.

Below: Looking West from East abut-
ment elong downstream side of completed
dam.
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service, the second for emergency duty, The gates are operated by an
oil-pressure system which develops a pressure of 500 pounds per square
inch., On the upstream side of the spillway can be seen the entrances
to these conduits with trash bars designed to stop all floating messes,
such as tree stumps, which might otherwise plug the conduits and render
them inoperative,

The equipment room houses a standby gasoline-electric generator
unit for use in the event that the regular power supply becomes dis-
rupted during flood periods. It will produce sufficient power to
operate all the equipment installed at tle dem, In this room are also
the oil pumps, operated by clectric motors, which build up the pres-—
sure necessary to raise and lower the gates., Two pumps have been pro-
vided, one for normal service and a second for emergency duty, A
switchbeard for the distribution of enersy to the installed equipment
is also located here, It will be noted that there are actuelly two
complete installations for the operation of the dam from the source of
pover to the pwimping wnit and gates thereby eliminating the possibil-
ity that the gates might be inoperative during an emergency.,

CONSTRUCTION

The Dam and dikes were designed by the Corps of Engineers, U, S.
Army, and constructed under = contract with A, S. Wilkstrom of Bound
Brook, New Jersey under the supervision of the District Engineer,
Boston District, War Department. Construction of the Dam was started
in April 1940 by stripping the dan site, which had »reviously been
cleared by the Government., ZExcavation to Dedrocl: along the center of
the dam and rock excavation for the foundation of concrete structures
were commenced, Along the centerline of the Dam holes were drilled
alternately 20' and LO' deep which were grouted with Portland cement
under pressure., This grouting »rogram was for the murpose of sealing
up any seams that existed in the rock foundation below the surface,
Barly investigations had shown that the natural rock in the dam area
had been subjected to intense geologic activity and in order to nre—
vent leakage through the Dam, thesc scams were sealed off with grout,
Upon the completion of this work the borrow areas were opened and the
placing of earth-fill commenced, The earth embankment was formed of
a central impervious core material obtained about a half mile north
of the dam site and of a pervious material taren from the large bor-
row area adjacent to the end of the embankment. These materials were
placed in thin legyers and tightly compacted with a sheepsfcot roller,
In conjunction with this cperation, the forming and olacing of the con-
crete structures was started, It was necessary to construct a plant
to process materials to be used for concrete aggregates as well as a
batching plant where the processed material was mixed in the correct
proportions and carried to the mixer, A borrow area containing gravel
suitable for processing was located about three miles south of the Dam
near Dingits Corner, In order to work on the spillway section it was
necessary to divert the river, which was accomplished by means of a
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wooden flume and earth cofferdams which passed the low summer flows
and enabled the foundation work to be carried on. At the same time
construction of the dilkes was started, The dikes are similar to the
embankment section, At the close of the 1940 construction season
nost of the earth-Till sections were completed and the masonry struc-
tures commenced. The contractor stopped work in February and resumed
in April, During the spring of 1941 the remaining spillway founda-
tions were placed and the river was diverted through the conduits

and the main carth cmbankuent was completed, Toclk excavation in the
river gorge and the construction of the spillway and penstock intske
structures continued throughout the summer. The building of th
equipment room and the installation of machinery, piping and electrical
system completed the construction program in November 19L1,

RESERVOIR OPERATION

Yo reservoir of water will exist behind the Dam in normal times
as this area is reserved for storage in time of flood. Normal opera~
tion calls for the unsated and one gated outlet to be open and this
will allow the passing of all ordinary river flow in an averagc year
without forming any appreciable pool behind the dam. In time of Tlocd
the dam will act as a retarding basin, storing up water in the reser—
voir and at the same time discharzing through the open conduits, Ex-
cept in the case of extreme flood conditions, water will not store in
surficient volune to fill the reservoir and discharge over the spill-
vay., The additional conduits are to be used priacipally for reducing
the time necessary to empty the reservoir after the flood peak has
passed the damage centers downstream, At Blackwater Dam it is antici-—
pated that complete emptying of the reservoir from a full nool will
be accomplished in nine days. As is evident, the action of these dams
is one of retarding the flow in flood time, thereby reducing the peak
and discharging the detained water later when the waters on uncon-
trolled streams have passed their pealt discharge,

The Blackwater Reservoir will control 7% of the Contoocook water—
shed and approximately 2.6% of the entire Merrimack drainage basin,
The annual flood control benefits are estimated at $110,000,

This pampinlet distributed at the official opening of the reservoir
and dam to public inspection on November 23, 1941,
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WAR DEPARIIVELT
ULIT4D SPATHES -IGILEsR OFFICE
3RD FLOOR, YARK SYUARZ BUILDING
BOSTON, 2L45S.

Sept. 15, 1939
Revised Dec. 16, 1939

DEFINTTA PROJECT RJAPCRT JOR HLACHLAT.R RISEIVOIR -

EARKTEACK RIVAR BASIN FLOOD COITTROL

l. Project Authority. The Flood Control Act approved June 28,
1938, provides that, "The general comprehensive plan for flood con-
trol znd otuer purposes (for the Merrimack River Basin), as approved
Ly the Chief of Engineers pursuant to preliminary examinations and
gurveys authorized by tae Act of June 22, 1936, is approved and the
project for flood control in the Merrimack River Basin, as authorized
by the Flood Control Act approved June 22, 1936, is modified to pro-
vide, in addition to txne construction of a system of flood control
reservoirs, related flood control vorks which may be found justivied
by the Chief of Engineers."

2. Previous Investi&ut;ggg. Tite results of an investigation of
a gystem of flood control reservoirs and related flood control works
for the Merrimack River Basin zre contained in a preliminsary examina-
tion and survey report autunorized by the Flood Centrol Act approved
June 2¢, 1936, and published as House Docusent, Public No. €89, 75th
Congress, 3d Session. This report proyposes several alternate combina-
tions of reservoirs to serve as a general comprehensive plan of flood
control in the Merrimack Basin, in all of which the Franklin Falls
feservoir now authorized for construction forms a component part.
Other reservoirs proposed for selection as parts of these systems are
located mainly in the Contoocook Valley. The Riveriaill Reservoir, the
largest of this group, was recommended for first priority to supplement
Frankiin Falls and has been selected by the Chief of Engineers as a
definite project.

3. Practical objections have developed to the further orosecution
Of tiie Riverhill project. Ac explained in letter from this office to
tie Chiel of Engineers, subject: "Selection of Definite Project -
Merrizack River Flood Control", dated Ausust 25, 1939, a further study
is being made with a view to replacing Riveriaill with an equivalent
system of reservoirs in the Contoocook Valley. This study has pro-
gressed to the extent of positively indicating; that any system of re-
placement should include the Blackwater Reservoir. The investigations
have been reduced virtually to the consideration of two plans, a con-
bination of Blackwater and the Contoocook River Flood Diversion Proj-
ect, Tor which a ravorable examination has been completed and was pre-



sented with letter to the Chief of En;sineers cited above, and a second
plan now being studied which was suggested by the Federal Power Com-
mission., This latter plan comprises a system of ten small reservoirs
in the Contoocook Valley, of which the Blackwater project would form a
principal unit regardless of any modification which may be found de-
Ssirable in the present study of this plan.

4. Location snd Description of Area. Blackwater Reservoir is lo-
cated on the Blackwater River in New Hampshire, 8.2 miles above the
confluence with the Contoocook River and 118.8 miles above the mouth of
the Merrimack River, of which the Contoocook is a tributary. The res-
ervoir lies within the towns of Webster and Sslisbury in the county of
Merrimack, tne dam being situated just above the village of Swetts
Mills in Webster, 12.5 miles by highway northwest of Concord, N. H.

The reservoir, which controls a drainage area of 127.5 square miles, has
an area at spillway lip (El. 566) of 3,140 acres and a flood control
storage capacity of 46,000 acre~feet, which is equivalent to 6.8 inches
of run-off. The reservoir area is composed of approximately 12 per cent
cultivated land, ¢ per cent pasture land, 74 per cent wooded land, and

S5 per cent water surface. No railroads or villages are involved and
settleuient and development in the region are sparse.

5. The Blackwater Reservoir, in conjunction with the Franklin Falls
Reservoir now under construction and the proposed Contoocook River Flood
Diversion Project, for which a preliminary definite project report was
submitted to the Chief of Enzineers with letter dated September 16, 1939,
Will form a coordinated system of flood control reservoirs in the Merri-
nack Basin approaching in both cost and predicted benefits the presently
selected Franklin Falls and Riverhill Reservoirs.

6. Definite Project Plan. In view of the value of the Blackwater
site for future combined storags and power development (see Appendix Z),
it is proposed to construct the Blackwater Dam initially for flood con-
trol, with provisions to facilitate future alteration for a multi-purpose
development. The estimated additional cost of these provisions is
%$206,000,

7. Description of Structures. The proposed initial flood control
development o the 3lackwater Dam consists of a concrete spillway, a
concrete non-overflow section, and an earth fill retaining section (see
Plates VI, VII, and VIII): The concrete spillway is a wide-base, gravity-
type Ogee section having a crest length of 185 feet and a maximum height
of 56 feet. The concrete non-overflov section is adjacent to the spill-
way and consists of a buttressed section 60 feet long containing pro- »
visions for a future penstock intake and for future flood control outlét
sates und a wide-base gravity section 140 feet lonzg connecting with the
sarth embankment. The embankment is a semi-viide-base structure having
a length of 770 feet and a maximum heizht ¢f 60 feet. It is constructed
of rolled earth fill with a central inpervious core and is protected by
an upstrean rock shell and downstream rock-filled drainagze toe., All
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masonry structures and the impervious core and drainage toe of

the embankment are placed on bedrock, which generally is available
over the dam site within depths of O to 15 feet from the present
ground surface. In addition to the main dam, one dike having a
length of 1,200 feet and a maximum height of 34 feet is required
for the flood control reservoir.

8. Hydrology and Hydraulics.- Operating under the maximum
design surcharge of 13 feet, the spillway will pass a flow of
42,800 second-fe:t, which is the outflow derived from routing
the spillway design flood through the reservoir, The pesk inflow
of this flood is 56,500 second-feet, which is equivalent to a run-
off of 520 c.f.s. per square mile over the 127.5 square mile tritu~
tary drainage area and which gives a coefficient of 5,900 for “C!
in the formula Q = ¢/ A.

9. The initial flood control outlets consist of one ungated
rectangular opcning, 3'-A" x A!'-5" in cross-section, and three
gated outlets,each 3'-A" x 5'-3"  all located in the concrete
spillway section. The ungated outlet and cne gated outlet fully
opencd will be used initially to obtain a maximum design dis-

charge of 2,000 second-feet at El. Hhh. The additional gated cut-
lets will be available for emptying the reservoir, dringing the
total capacity to 3,7h0 second-feet. The capacity of the reservoir
to spillway crest and the capacity of the outlets have been selected
tc provide control of a rescrvoir design flood derived from the
meximum storm rocorded in the New England area. The outlets will
discharge into the natural rock channel of the river in remote
location with respect to the earth cmbrrkment. A more complete
description of the hydrologic and hydraulic design of this project,
with supporting data, is contained in appendixes A and B herewith,

10. Cost Estimates.- The estimated first cost of this pro-
Jeet for flood control, with provision for future conscrvation and
power development, is summarized below., Detniled cost estimates
are contained in appendix F.

Land and Relocation Costs _
Land, buildings, and rights-of-way . . . . . $ 241,000

Highway relocation . . . . . . . . . . . . . 130, 300
Cenetery relocation . . . . . . . . . . . . GM,SOO
Utility relocation . . . . . . . . . . . . . 20,300

Construction Costs ,
Dam, dikes, and rescrvoirdearing . . . . . 818, 00
Total Estimated Cost . . . . . . . . . $1,275,000

11. TFconomic Study.- The results of an economic study of
his project nre contained in the tabulation following.

-3 -
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12. Local Cooperation. No local cooperation is required for this
project as authorized by the Flood Control Act of 1936 amended June 28,
1938, Consent by the State of New Hampshire to the construction of the
Blackwater Reservoir is provided in "An act consenting to the acquisi-
tion of lands by the United States for flood control and navigation
purposes" approved May 31, 1939.

13. Time Required for Construction. Provided operations are be-
zun early in the construction season, about April 15th, the earth fill
of the embankment can be completed by November 1 of the same calendar
year and all items of work can be completed by the end of that calendar
vear.

l4. Results Expected. The Blackwater Reservoir will comtrol 17
per cent of the Contoocook watershed and approxsimately 2.6 per cent of
the entire Merrinaeck drainage basin. The annual flood control benefits
are estimated at $140,000, and stage reductions for a flood similar to
that of March 1936 at Manchester, New Hampshire, will be about 1,1
feet. The Blackwater Reservoir, in conjunction with the Franklin Falls
Reservoir and the Contoocook River Flood Diversion Project, will con-
trol 32.4 per cent of the total Merrimack Basin area and will afford
benefits of §30%5500 annually.

15. Recommendations. It is recormended that the Blackwater Res-
ervoir be approved for immediate prosecution and that provisions be made
in the initial dam to facilitate future alteration to include conserva-
tion storage and power development.
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DEFINITE PROJECT REPORT FOR BLACKWATER RESERVCIR -
MZRRIMACK RIVER BASIN FLOCD CONTROL

APPENDIX A

HYDROLOGY OF ThX BLACKWATER RIVER DRAINAGE BASIN

_Part I - The Spillway Design Flood

1. Reference.- Reference is made to Engineer Bulletin, R.&
H. Zo. 9, 1938, subject, "Spillway Capacities," which directs, in
peragraph 19, that a hydrology report will be submitted to the Of-
¥ice of the Chief of Zngineers for approval as the first step in
the final design of a project.

2. Project Descrintion.- The Blackwater dam site is located
on the Blackwater River, a tributary of the Contoocook River. The
dam is approximately 8-1/2 miles above the mouth of the river in
the village of Swetts Mills in Webster township, N.H. The-reser-
voir controls a drainage area of 127.5 square miles, has an area
at ®l. B55 of 3,140 acres, and a storage capscity of 46,000 acre-
feet, cquivalent to 6.8 inches run-off over tho drainage area. The
iritial project, for flood control only, vrovoses use of the res-
ervoir as a retarding basin with fixed outlet capacity, consisting
of one gated nnd onc ungated outlet, total eapacity 2,000 sccond-
fevt at El. 56h. Two additional gnted outlets are availsble if
desired to reduce the time of emptying the rescrvoir. The concrote
overflow spillway is 240 fect long, crest at 71, 565, and maximum
height of 65 feet.

3. Basin Characteristics.- The drainage basin of the Black—~
water River above the dam site is approximately 19 miles long,
with a maximum width of nbout 12 miles. The river originates on
comparatively steep mountain slopes with rapid run-off. The three
headwatcer tributaries, comnrising about one~half the total drain-
nge area, combine in the two-mile reach above Potter Place, about
20 miles by river above the dam site, The total fall in the reach
to the dam site is 100 fact, YO feect of which are in the two-mile
reach near West Salisbury; hence in the remaining 18 river miles
the drop is «bout 60 fect, or about 3 feet ver mile. The main
valley is about 15 miles long and provides considerable valley
storage, particularly in the reach below West Salisbury, that is
reflected in the distribution values. Lakes, ponds, and swamps
comprise about & square miles, or over 6% of the drainage area.

4. Stream Flow Data.- A United States Geological Survey
stream gaging station is located on the Blackwater River near
Webster about two miles downstream from the dam site and has been
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in operation since October 193&. It measures the flow from a
drainage area of 129 square miles, only 1.5 square miles more
than the drainage area at the proposed dam site. Records at

this station have been used as the basis for stream flow data and
studies of the distribution values. S*aff gage readings and dis—
charge measurements have been taken by this office at the Swetts
Mills dam site to establish a tailwater rating curve and corre-
lated to discharges recorded at the U. S, Geological Survey sta-
tion. Discharge records based on one or two daily gage readings
have been obtained by the U. S, Geological Survey further down-
streum near Contoocook (drainage area 134 square miles) from
1918-1920 2nd 1927-1934,

5. Precivitation Stations and Records.- The only precipi-
tztion station in the Blackwater Basin is & non-recording station
esteblished by this office at South Danbury in January 1937. The
records obtained at this station are considered exceptionally
good for this type of station. The U. S. Weathcer Bureou has
maintained for many years stations adjacent to the waterched.
Stations used for this study are shown on plate 13 and on plate
14. The only recording rain gage applicable to the Blackwater
River Basin is located &t Concord, N.H., about 12 miles distance
from the dam site. The mass curves of pracipitntion for the non-
recording gages were drawn with and conforming to the Concord
recording rainfall data.

h. Distribution Graph.- The distridbution values for the in-
flow hydrograph for Blackwater Reservoir were based on an analysis
of the September 1938 flood. This flood had o peak value of
" F®00-c.f.s. and is by far the maximum flood of record uninfluenced
by snow run-off. The March 1936 flood, with a peak of 11,000
c.f.s., 1s the maximum of record but was primarily duc to heawvy
snow melt; hence, because of uncertainties in required assumptions
to utilize this flood for distridbution values, it was not con-
sidcred suitable for a check on the 1938 flood distribution values.
A search for floods recorded at the present U, S. Geological Survey
gnging station not affected by snow run-off gave 9 minor rises,
with peak values less tharn 800 c.f.s. At the former U.S. Geologi-
cal Survey station, with one or two daily readings, the maximum
recorded discharge was 2,250 c¢.f.s., with possible backwater ef-
fect from the Contoocook River. A vpreliminary study of these minor
floods showed peak distribution values appreciably lower than those
from the 1938 flood due to the large effect of valley storage and
rcgulation. The results could not be considered a check. The
hydrograph recorded at the U.S. Geological Survey gnge can be con—
sidered an outflow from the reservoir area without appreciable cor-
rection. In order to obtain an inflow hydrograph, this flood
hydrograph was routed backwards through the valley storage of the
reservoir site. The hydrographs are shown on plate 15.
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7. Plate 14 gives the mass curves of precipitation for the
stations in and adjacent to the Blackwater Basin for the flood of
September 1938, Six~hour rainfall values were obtained from
these curves and distributed over the basin using Thiessen's
weighting. The total weighted rainfall for the storm is 7.81
inches in 72 hours. The flood hydrograph, after deducting base
flow, showed a run-off of U4.6U4 inches. Thus, the total infil-
tration and other losses amounted to 3.17 inches. The average
rate of these losses was computed, based on weighted hourly rain-
fall and total losses, to be 0.087 inch per hour. The rainfall
ard run-off are shovn ir bi~hourly values on plate 15. Six~hour
distribution valucs were obtained for this inflow hydrogrannh,
using six-hour rainfall values. The procedure and values used are
shown or plate 15, The reconstructed hydrograph, using the
derived distribution valucs, shows a satisfactory chock with the
original hydrograph. The unit hydrograph, based on one inch of
run-off occurring in a period of six hours, is shown in plate 17.
When this unit graph was used to derive the computced spillwey
flood, the resulting pesk inflow gave a Myer rating of only
2830. Becruse of the comparatively low peck of the flood used
in deriving the distribution values and the uncertaintics of the
offect of valley storage on the values, it was decided to increase
the unit graph penk so thst the resulting computed snillway flood
would have a peak inflow with a Myer rrting of at least 4000,

The time of lag was reduced to maintain a reasonable relation to
the higher peaked distribution velues. It was found that re-
ducing the time of lag tended to decrense the surcharge resulting
from a flood of given volume and peak. Therefore, a time of lag
of 16 hours was selocted rather than a lesser value. Tho reviced
unit graph adopted is shown as a s0lid line on plate 17.

8. The following turms ars used, as defined in Engineer Bul-
letin, R. & H. ¥o. G, 1938: (&) Reservoir Design Flood; (b) Com-
nuted Spillway Flood; (e) Spillway Design Flood; (d) Frecbonrd;
(¢) Frecborrd Storage; (f) Surcharge; (g) Surcharge Storsge;

(h) Wave Height; (i) Wind Sctup.

9. Maximum Storm.-~ The rainfall data for determinirg the
mnximum storm has been obtained from velues furnished the Providenmce
Office by the hydro-meteorological soction of the U. S. Weather
Burezu. The data are shown on nlate 18. Instceed cf the value
shown for 127.5 sq. mi. arca on the six~hour curve on plate 18,
£ higher value plotted as = point on plate 18, was vscd upon recom-
mendation of the hydro~meteorological section of the Office, Chief
of Ergineers. Comparison was made of the 24-hour and 48-hour
depth—-aren curves from this storm with those for the total Sep-
tember 1932 and October 1903 storms and the 48~hour envelope
curves developed by the Pittsburgh District Office, and were found
to give materiall higher values of rainfall for a 127.5 sq. mi.
drainnge area. Detailed study for this sigce drainage area of
maximum storm data based on actual maximum storms of record (com-
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parable to that obtained for the Franklin Falls project) is not
available; hence, no absolute comparison can be made of the rela-
tive flood magnitude of summer and of spring storms with snow
run~off, However, it is believed that for the small drainage area
of the Blackwater River the much higher intensity of summer storms
will prove to give appreciably greater peak values.

10. Computed Spillway Flood.- The computed spillway flood
was based on the derived distribution values and on the rainfall
curves shown on plate 18 and is shown on plates 19 and 20. This
is a summer storm and consequently an assumed minimum infiltration
rate of 0.083 inch per hour, or 0.5 inch per six~hour period was
ndopted. This is less than the average rate of 0.087 inch per
hour determined from the September 1938 flood, where conditions
of excessive rainfall during July and the three weeks in September
prior to the flood were productive of minimum infiltration rates.
A base flow of 2 ¢.f.s. per square mile was added to the flow
run-off. Dnta pertaining to this flood are briefly summarized as
follows:

Rainfall - 19.Y4 inches in 48 hours
Run~off - 15.8 inches
Volume - 111,700 acre-feet (including base flow)

49,300 c.f.s.
22,200 c.f.s.

Peak inflow

Peak outflow

Maximum vpool
elevation

576.8

Determination of Spillwny Design Flood

11. Reservoir Operation Assumptions.- It is assumed that
the reservoir will be filled to normal maximum pool elevation of
556 feet M.S.L., which is the crest of spillway, at the beginning
of the spillway design flood. The outlets are assumed to be inop-
erative.

12, Spillway Rating Curve.- The spillway rating curve
(plate 21) was computed by the weir formula Q = CLE? 2, where
values of "C" for an unsubmerged Ogece section were taken from
3.0 to 3.8 at maximum head.

13. Method of Routing.- As the computed spillway flood was
based on distribution values for inflow to the reservoir, the
flood was routed through the reservoir using the gross storage.
(Reference is made to a-pendix F of the "Survey Report for Flood
Control, Merrimack River," dated April 1, 1938, for a detailed dis-
cussion of the reservoir routing used by the Boston Office.)

- A4 -
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14, Spillway Design Flood.- The computed soillway flood
was routed throuch the reservoir to obtain the reservoir dis-
charge and the maximum water surface elevation. The inflow or-
dinates of the computed spillway flood were then increased 50
and 100 per cent and similarly routed through the reservoir.

The data derived from these three routings are shown graphically

on plate 22, where the per cent of computed spillway flood is
plotted, (a) against the pool elevation in feet above mean sea
level, and (b) against the peak inflows and outflows. After
carefully considering (see following paragraph) all the factors
itemized in the Engineer Bulletin, R. & H. No. 9, 1938, subject:
"Spillway Capacities," paragraph 11, it was decided to adopt,

as the "Spillway Design Flood" for the Blackwater Dam, the computed
spillway flood plus a factor of safety of 35 per cent. The re~
sulting spillway design flood is shown on plate 23.

15. Discussion of Factor of Safety.- 1In selecting 35 per
cent as the factor of safety to be applied to the computed spill-
way flood, the following items, as enumerated in the Engineer
Bulletin referred to in preceding paragraph, were considered:

a. The long-time rainfall records are too few
to cover adequately all large storms of record in this
district. Results of the storm studies now being made
by this office, and other data as outlined in parsgraph
9 above, show that the spillway design storm used gives
rainfall values materially in excess of the maximum
storms experienced. The design storm, based on data
available in this office, 1is believed to give maximum
rainfall values.

b. The maximum rainfall voalues used as shown on
plate 18 for 127.5 square miles are about twice those
for a like area in the September 1932 storm and exceed
by a greater proportion the rainfall values for smaller
drainage aress. The maximum point rainfall valucs
available in this office were obtained from unofficial
records. These values are 10 inches in about two hours
at Peterboro, N.H., during the September 1938 storm and
11 inches in about three hours obtained during a cloud-
burst August 1939 at Baldwin, Maine. These values are
over 5C per cent less than those shown for 3-hour
rainfall on a one-square-mile drainage area. Hence,
rainfall values given on plate 18 are greater than those
recorded in information available in this office. There
appears to be little possibility that they will be ex-
ceeded.
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c. The flood of September 1938 makes available
an accurate determination of discharge quantities
and reasonably accurate rainfall data. This is the
only summer flood suitable for study, and with the
excessive rainfall prior to the flood, should give
values of infiltration closely approaching the mini-
mum. The analysis of the September 1938 flood
(plate 15) indicated a rate of infi ltration of
0.087 inch per hour. A lower value of 0.5 inch per
5~hour period (0.083 inch per hour) was used in the
computed spillway flood. FExpressed in terms of per
cent run-off, this is equivalent to &8 per cent
run~off for the maximum 2U4-hour precipitation.

d. The unit hydrograph (plate 17) and distribu-
tion graph (plate 15) are based on an analysis of the
September 1938 flood, the second largest flood of
record. Study of the values obtained indicated the
desirability of peaking the values as described in
paragraph KJ' The computed spillway flood peak value
is approximately 7 times that of the 1938 flood.
However, the surcharge storage of 47,000 acre-feet
available for the spillway desigrn flood, with total
volume of 150,000 acre-feet, is believed to minimize
the inaccuracies inherent in the determination of the

- distribution values and the extrapolation of these
values to a flood with peak value about 9-1/2 times
that of the 1938 flood.

e. Errors in routing the design flood through
the reservoir because of inaccuracies of assumed
storage volume, backwater curves, and time of water
travel are believed to be negligible. As the assump-
tion is made that the reservoir is full at the begin-
ning of the flood, the time of water travel is
practically instantaneous through the reservoir. The
spillway flood is computed as an inflow hydrograph
and consequently consideration of the effect of valley
storage in the reservoir was not required. The
capacity curve of the Blackwater Reservoir is based on
a topographic survey of the reservoir from which the
values used for surcharge storage are obtained. There
shauld be no appreciable error in the storage capncity
curves or in the resulting reduction to the inflow
peak obtained by routing the spillway flood through the
surcharge storage.

f. Whether or not the outlet conduits are gated
does not affect the criterion used, namely that during
the duration of the spillway flood the outlets are

" e e - e~
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assumed inoperative. Should the outlets actually be
used for discharges during the spillway flood, the
peak surcharge would be only slightly reduced.

There is the possibility that the reservoir may be
developed for power in the future. If this is done,
the present proposal is to raise the crest of spill-
way to El. 584 and lengthen the spillway in order to
reduce the surcharge. This will not change the
basic spillway design storm or conditions, except to
provide additional surcharge storage for a given in-

crement of srillwavy surcharce

(2R ek A VTR WAL LLIGAL BT e

€. The svillway is a straight overflow Ogce
section. The spillway discharge rating has been com-
puted with conservative values of "C" and it is be-
lieved that the spillway discharge capacity will
actually excced the computed values.

h. The freeboard storage in the Blackwater
Rescrvoir is a considerable item. Between El, 579
and top of dam at ©l, %84 there arc 22,000 acre-feet
of storage, cquivalent to 3.2 inches. Therc is a
definite factor of sufety against overtopping of the
dam thnt may be attridbutud to this freeboard storage
and spillway cavecity, reguiring a floed over twice
the computcd spillway flood to overtop the dam.

1. Summary.- In view of the items discussed in the pre-
ceding paragraphs, it is believed that a 35 ner cent factor of
safety applied to the computed spillway flood is adequate. The
hydrograph of this flood is shown on plate 23 with the outflow-
stage hydrographs and rescrvoir elevations. Data concerning this
flood are summarized as follows:

Selected Spillway Design Flood
(Computed Spillway Flood Plus 35 Per Cent)
148 300
Volume = 497700 acre-feet (including dbase flow)

22,0 inches of run-off from a 48-hour
period of rainfall

Peak inflow = 5h,500 c.f.s.
Peak outflow = 42,800 c.f.s.
Maximum pool clevation 579.0 ft. above M.S.L.

SR
Frecboard H.0 ft.
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Part II ~ Reservoir Design Flood

17. Maximum res<rvoir capacity is governed by the physical
limitations of the dam site and by the size of the maximum probadle
flood. The former is determinable from the field surveys, the lat-
ter is not definitely determinable because of limited length of .
adequate discharge records. Another factor in the physical limi-
tation to storage is the outlet discharge, governed by channel
capacity and related to the storage proposed and reservoir design
storm used. It is desirable to discharge from the outlets a flow
not exceeding channel capacity or limiting thc flow to that value
which will not cause flooding on the tributary. This item of
chaannel canacity is not important on the Blackwater River from the
standpoint of flood damage in the reach from the dam to the
Contoocook River. The groater the storage provided for the given
storm, the smaller the outlet discharge and the greater the flood
reduction obtained downetroam. However, there is a practical 1li-
mitation to the ruduction of outlet discharge in that » flood
control reservoir should be emptied in a reasonnble time to provide
for the possible condition illustrated by the 19%5 flood where two
m-jor storms produced peak floods within a week of cach other.

18. Related to all of the above factors is the cconomic con-
sideriition limiting the cost of the storage capacity to that which
will give the greatest retio of benefits to costs.

19. The reservoir design flood formerly used was based on
sconomic considerntion wherein it appeared desirabdle to limit the
size of the reservoir to control a flood produced by a rainfall of
about 10C-year frequency, and also to cmpty the reservoir in a
reasonable length of time. To arrive at such a storm, long-time
rainfall records at Concord were studied. It was found from these
records that a 100-year rainfall of 3~days! duration emounted to
about & inches. With this storm a high run-off fractor of 90 per
cent was applicd., In order to justify this high run~off factor,

a 3-day storm of 1-1/2 inches of rainfall per dny was ndded prior
to the 100-year 3~-day storm. This gnve a flood volume that, in
its effect on reservoir cnpncities, was about equivelent to the
1935 flood, tuc meximum flood of recerd. The flood obtained from
these assumptions, however, must be considered as one of less fre-
qucnt ocecurrence than once in 100 years becouse of the assumptions
mnde of the 3-day prior rainfall and tne high run-off coefficient.
This flood, wher routed through the roscrvoir with an outlet dis-—
charge of about 1,800 c.f.s., gave a spillvay lir or maximum pool
elevation of 5h6H feect.
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20. An approach to the maximum probable flood may be had by
coensideration of the maximum available storm of record. Recent
study of recorded maximum storms show that anparently the greatest
storm of record in New England was that of September 1932, with
principal center at Westerly, Rhode Island. This storm compares
in magnitude with others outside of New England that are con-
sidered as possible of occurrence in New England. This office has
detailed information on the 1932 storm, and it is considered as a
rational basis for computntion of a reservoir design flood ap-
proaching the maximum probable flood. Utilizing this flood with
the most severe condition of run-off, comparabl: with that ob-
tained in the 1938 flood, gives & severe criterion for sclection
of rescrvoir capacity. Plate 28 shows the depth-duration curves
of the 1932 storm used for deriving the values of rainfall, while
plate 29 showvs the constructed inflow hydrograph and the resulting
outflow~stige hydrographs using the revised maximum outlet dis-
charge of 2,000 sccond~-fect at Bl. 56,

21. This storm produces an extremely high pook with moderate
volume. When routed through the reservoir, the assigncd storage
capacity was found to be sufficient to control the flood, except
for & modecrate spillway outflow of 1,500 c.f.s. The rare frequency
when this small flow in excess of the conduit crpacity will occur
is considered a negligible factor. Hence, it is beliceved that the
flood based on the 1932 storm is a reasonablc criterion for a
reservolr design flood based on summer rainfzll conditions.

22. The March 1936 flood, in most cases on the Morrimack
Brsin, cxceceded in penk veduce, and definitely in volume, any flood
of record. Since, in reservoir flood design, volumc is of primary
importance, rescrvoir design in the Merrimack Basin must recognize
the spring flood as the possible governing eriterion. Stornge pro-
vided in the Blackwater Reservoir is found to be ample to control
the 193~ flood with the oroposed outlet capacity. (Scec plate 24.)

23%. Study of all the factors involved in considcration of the
control of the Blackwatcr River floods led to the choice of 46,000
acre~feet of flood control storsge. The possibility that there may
be some excess flood control storage in the Blackwater Reservoir
should be considered a desirnble condition in connection with the
conprehensive scheme of flood control on the Merrinnck to incrcase
the effectiveness of the combinntion.
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DEFINITE PROJZCT REPORT FOL BLACKWATZR RESERVOIR -
MZRRIMACK RIVER BASIY FLOOD CONTROL

APPENDIX B

HYDRAULIGS

1. The hydraulic design of the Blackwater flood control dam
presents no unusual features. The dam will be built in two stages,
initially for flood control only and subsequently raised to provide
for flood control and power storage, hence selection of the outlet
capacities required adjustment so that the total reservoir outflow
during a flood would not exceed the design discharge in either de-
velopment. Since it will be practicable to operate the power
plant of the final project during floods with a discharge of
about 1,000 c.f.s., consideration had to be given this discharge
in providing gated capacity that would permit operation to main-
tain a total reservoir outflow not exceeding the design outflow,
rxcess gated outlet capacity was desirable in order to expedite
emptying the reservoir after tue flood. Also, it is desirable
to keep the gate sizes the same. After consideratiorn and corre-
lation of the foregoing, a design outflow of 2,000 c.f.s. was
selected. This is provided in the initial development with one
31-AM x H1-5" ungated outlet and one 3'-AM x 51-31 gated outlet.
Tvo additional 3'=A" x K1-3" gated outlets are to be installed
initially but not used for flood regulation. These additional
outlets are available, however, for use in decreasing the time re-
quired to empty the reservoir after floods. In the ultimate de-
velopment the ungated outlet will be closed off and no longer
used. The design discharge of 2,000 c.f.s. will then be attained
at El. 584 by using two of the three gated openings. The third
fgated outlet is then available for additional capacity for empty-
ing purposes. Partial gate opening will not be required either
initially or ultimately under this arrangement. Also, in the ul-
timate plan, the outflow can be held to 2,000 c.f.s. with the
power plant in operation by using only one flood control outlet.
No stilling basin 1s required, the outlets discharging into a rock
gorge entirely separate from the earth section of the dam. An
Ogee free overfall concrete spillway 240 feet long is provided,
the capacity being readily computed from thc weir formula (see
plate 21). The structure is founded on rock with a curved bucket
for the high portion of the spillway to deflect the overflovw
parallel to the stream bed. The gorge vbelow the spillway is narrow,
with steep fall, and will pass the sn»illwey design outflow peak
without submerging the spillway crest. In crder to prevent pos-
sitle overflow of the narrow dischurge channel, some emlargement
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by excavation will be provided. The flcod reductions at the dam
site were obtained by reservoir routing, using inflow hydrographs.
The results are shown for the Mareéh 1936 flood, the flood based on
the September 1932 storm, and the spillway design flood, on plates
24, 29, and 2%, respectively.

2. Reductions to the flood at the dam site were carried
downstream to the damage centers through Haverhill on the Merri-~
mack River. The March 1936 flood, surpassing all other floods of
record in the M~rrimack Basin in magnitude and general extent,
provides an excellent measure of the probable effectiveness of the
reservoir. Downstream reductions were computed for the Blackwater
Reservoir alone and in combination with the Franklin Falls Reser-
veir, and also in combination with the Franklin Falls Reservoir
-and the Contoocock River Flood Diversion Project. The Blackwater
Reservoir, with ~.8 inches of storage, is entirely adequate for
all minor floods or spring freshets. Its maximum effectiveness
in reduction of large floods may best be gaged by its effect on
the 1935 flood. The 1935 flood, as recorded at the U.S. Geological
Survey gage necar Webster, was routed through the reservoir. Plate
24 shows inflow, outflow, and stage hydrographs for this flood.
Pertinent data concerning this flood are as follows:

193~ peek discharge . . . . . . 11,000 c.f.s.
Reduced reservoir peak discharge . . . 1,900 c.f.s.
Maximum pool elevation . . . . . . . . B5K0.5

3. The maximun capacities of the various outlets and the
initial full pool clevation of 5hA are as follows:

One 3!'=ANl x A1-BM ungated - 1,120 c.f.s.
Three 31-a" x 51-3" gated - 880 c.f.s. each
Using these outlets as described in paragraph 1, the 193 flood
was routed through the reservoir. The outflow, reservoir stage
and time reguired for emptying are shown on plate 24, Similar
data for the flood based on the 1932 storm are shown on plate 29.
The time of emptying from a full pool in the initial plan is 9
days. TFor the ultimate plan, using three guted outlets with a
maximum capacity at 1. 584 of 3,000 c.f.s., the time of emptying
is about 10 days.

L. The effect of the Blackwater Reservoir in rcducing the
1935 flood at two of the downstream damage centers, Manchester,
¥.H., and Lowell, Mass., on the Mcrrimack River, is shown by the
hydrographs on plates 25 and 2h. The same plates also show the
discharge reduction credited to the Franklin Falls Reservoir
(now under construction) and the combination of the Franklin Falls
and Blackwater Rescrvoirs. It shows at these two points that

~ B2 ..



Blackwater Reservoir in combination with Franklin Falls adds
about 5,000 c.f,s. to the peak reduction for the 1935 flood.

5. Plate 27 shows the effect of distance on the discharge
reductions as applied to the flood of March 1936. These curves

are based on reach-routing computations and are useful in deter-
mining discharge reductions at intermediate damage centers.
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II1I FLOOD CONTROL HYDRAULICS

3-0l. Hydrology Report. As required by paragraph 19 of Engineer
Bulletin, R. & He No. 9, 1938, a hydrology report was submitted for ap-
proval as part of the Definite Project Report for Blackwater Reservoir,
dated September 15, 1939 (E.D. File T402(Merrimack R.-Blackwater Res.)
~-8)« The Definite Project Report was approved by the Chief of Engineers
subject to further hydrological studies. The results of these addition-
al studies were submitted in the form of revised sections of the Defin-
ite Project Report on December 16, 1939. The following paragraphs on
the hydrology and hydraulic factors affecting the design of the Black-
water Project constitute, therefore, a summary of the hydrology studies
referred to above.

3-02. General Hydrology. The mean annual precipitation is about
39 inches, fairly evenly distributed throughout the year. Precipitation
during the months of December, January, February and March is princip-
ally in the form of snow which may accumulate for most of the winter
since temperatures generally remain below freezing during this period.
Hence, this period has low run-off and is free from flood threats. Be-
cause of snow accumulation, however, Blackwater River is subject to heavy
run-off during the spring thaw. Records show that the "spring flood"
generally occurs during Merch or April, although one moderate freshet
affected by snow run-off is recorded in the middle of January (January
1935). The high temperature causing snow melt is usually accompanied
by rain and is the most frequent cause of floods. The maximum flood of
record, that of March 1936, was caused primarily by snow run-off. For
the remainder of the year the basin is subject to occasional heavy rain-
fall from general summer and fall storms. The drainage area is small
enough to be seriously affected by intense local storms. The flood pro-
duced by the summer storm of September 1938 was the second largest of
record.

3-03. Precipitation. (a) Records. - The precipitation observa-
tion stations in and adjacent to the Blackwater River are shown on Fig-

ure III-l. General data on these stations are listed in the following

table:
TABLE III-1 - PRECIPITATION RECORDS
tElevation:Length oftAnnual Precipitation in Inches
Neme & Location : in feet : Record : Mean :__Maximum : Minimum

of Station tAbove MSL:(Years) tAmount:Year:Amount: Year
So. Danbury (in basin) : 724 : 2 : 494 : 51.5 :1937: U47.3 11938
Webster (in basin) : 550 : 2 $ 51.6 3 53,0 :1938: 50,3 :1937
Grafton (10 miles N.)* : 863 : 23 : Eg.s : 39.7 $1902: 30,0 :1908
Franklin (10 miles E.) : 390 s 37 ¢ 40,2 ¢ 49,7 :1920: 30.9 :1930
Concord (20 miles SE.)**: 350 : 86 ¢ 36,4 : 5L.3 :1863: 26.1 :1930

* U.S. Weather Bureau Station with fragmentary records from 1879 to 1917.
** Centinuous recording gage.
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(b) Rainfall Intensity. - The maximum rainfall recordsd over
ths entire Blackwatsr watsrshed for a given storm was 7:8 inches for
the period Ssptember 18 to 21, 1938, The maximum rainfall at a single
statlon was 8,8 inches during the same psried with a maximum intensity
of 4,4 inches in 24 hours cn Septembsr 21, Depth-duration curves for
rainfall at staticns in and near the Blackwater area were censtructed
in conformity with ths continueusly recordsd data available for the
Concoerd, N, H, Station,

(c) Salecticn of Maximum Precipitaticn Values, - The U, S.
Weather Bureau, ceeperating with the Departmsnt, has prepared depth—arsa
curves of maximum rainfall censideresd applicables te the Naw England
arsa, Values from thase curves havs bean used fer ths Blackwater Raser—
veir sxcept that a higher value has besn us2d fer a 6~hour perioed upen
racomnendation of tha Hydremeteerelegical Ssctien ef the Office, Chiaf
c¢f Enginesrs, The salactad values, which are intendzd fer usa enly as
maximum cenditiens for spillway design purpeses, are as fellews:

TABLE III-2 -~ MAXIMUM PRECIPITATICN VALUES

1éu§ 1/2;' 3/&2 1 §1-1/n;1-1/2§1-3/h;: 2
:

Pzaricd in Days
Paried in Heurs
Pracipitaticn, Inches

l2: 18 24 : 30°: 36: L2:. 48
: 13.9: 15,9 17.1: 18,2¢ 18,8: 19,2 19,4

: : : :

o
-]

[ J

=

3-04, Run-eff, (a) Recerds. — A rscerd ¢f stream flew is avail-
ablz at thas U, S. Gsolcgical Survsy Staticn, lccated abcut twe milas
dewnstraam frem the damsite, Twe majer flerds have eccurrad during
this psried ~f reccrd: In March 1936, peak flew 11,000 cofes.s in
Ssptember 1938, peak flcw 6880 c,f.s, The Nevembar 1927 flred peak flew
was 2620 cof.8e Goneral data en this rscrrd is shewn in tha fellrwing
tabla,

TABLE III-3 - STREAM FLOW RECORDS, BLACKWATER RIVER

:Drainags Area: Perird ~f:Dischargs in Cu, Ft, par Ssc,

Statien . oy Mio . : Raccrd : Mson : Maximum : Minimum
Original lrca- H : : :
tirn nzar Crn~ ¢ 134 11918-1920 : : 3
tereerk : $1927-1935 H , H
Prasant lecea~ @ : 1 255 11,000 ¢ 20
ticn nsar H : H H v
Webstar Racerd-: 129 :1935—1938 : : :
ing gaga : : : : :

(b) Frequsncy ef Flerds, — The strazam flew racerds ~n Black-
wat or River ars tce shert fer usas in cemputing a satisfactrry fraquaency
ra2latirn, By crmparisen with crmputad discharg: frequanciss frr watar-
shads ¢f similar sizs, it appears that tha p2ak flrws ~f 11,000 c,f,. S,
in March 1936 and 6880 c.f.s. in Saptembsr 1938 havs a fraquancy cf
abrut 106 and 19 years, raspactivsly, Similarly, it appears that flows
€f 70 and 85 c.f,s, par squars mils have a fraqusncy cf ab~ut encs in
50 and 100 ysars, raspactivaly,
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(¢) Unit Hydrcgraphs. ~ Tha maximum flew of recerd uninflu-
enced by snow run-off was 6880 Cefese in September 1938. This floed was
used fer darivation ¢f run-cff distributicn valuess. Tha rasulting unit
graph, shown as a dctted lina en Figure III=-2, was used in ccmputations
of resarveir design fleedse Hewaver, fer spillway design purpesas whers
paak values ara important, it was ccnsidered dssirabls te use a higher
peakad unit groph, as shewn in selid 1lins on Figurs III-2.

3~05. Regarveir Capacity. (a) Fleed Contrcl. -~ Area and gap-
acity curves are shewn en Figure I1I-3. Based cn censidaraticrns discussed
in fellewing paragraphs, a capacity cf 46,000 acra-fast, aquivalent te
6¢8 inchas ¢f run—-cff, was salacted fer fleed centrel. In the initial de-
valcpmont ¢f the reserveir, this capacity is cbtained with tha spillway
1ip at Elevation 566,

(b) Cengorvaticn. - Basad on analysis of stream flew and cost
data fer develeopment of the rasarveir at varicus alevaticns, a sterage
capacity of 69,000 acra~fest (10.1") belew Slevaticn 573 was found to be
the cptimum capacity for censearvaticn and pewer purprsas at this site.
The raquired stcragse of 46,000 acre-feet fer flecd centrel is then ob-
tainable betwesn Elevaticn 573 and £lavation 584. This plan was adeptad
fer tha ultimate devslepment.

(c) Capacity Cenditicns Affacting OQutlet and Spillvay Desiene -
Tha principal facters affacting cutlet and spillway design fer this prej-
ect were (1) desirability cf sufficient cutlet capacity te parmit rapid
emptying ¢f the reservcir after flceds, and (2) the neacessity fer cutlet
and spillway plans adaptable te a twe-stage develcvpment.

(d) gemputed Spillway Flcede - As defined in Engineer Bulle-
tin, R. & H, Neo 9, 1938, the "Ccmputed Spillway Flecd" is "the fleed
computed by means of the ferscast werst sterm, the highest run~coff fact-
crs and the werst run—-cff preducing cembinaticns fer the drainage area
in questicn". Fer Blackwater Reservelr, the werst sterm conditiecns were
taken frem the maximum precipitatien values described in paragraph
3-03(c) with a tctal rainfall of 19.4 inches in 48 hours. Using a min-
imunm average infiltratien rate of 0,083 inch per heur, as determined in
the hydrelegy report referred tec in paragraph 3-01, the resulting run-
cff amcunts tc 158 inches. Including a base flow cof 2 ce.fese per squars
mils, the veolume of the ccmputed spillway fleed is 110,600 acre-feot and
the peek inflew, 49,300 secend-feet.

3-06e Qutlet Hydraulics. (a) gentrel Requirsde - The physical
conditicns at the Blackwater site are such that stcrage may bs cbtained

cver a wide range at a.very low ceste Alsc, channsl capacity irmediately
dewnstream is net a liniting facter because of the absence ¢f pessible
fleed damagee It is physically pessible, therefrre, te ebtain a high de-
gres ¢f centrel ecencmically.

(b) Determinaticn cf Ressrveir Capacitys - The reserveir de-
sign fleed was based cn rainfall of abcut 100-year frequency plus a pricr

greund-saturating sterm of mcderate frequencys Te arrive at such a sterm,
leng-time rainfall recerds at Cencerd were studiede It was feund frem
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these records that a 100-year rainfall of 3 days' duration amounted to
about 8 inches. With this storm a high run-off factor of 90 percent
was applied. In order to justify this high run-off factor, a 3-day
storm of 1-1/2 inches of rainfall per day was added prior to the 100-
year 3-day storm. This gave a flood volume and peak that, in its ef-
fect on reservoir capacities, was about equivalent to the 1936 flood,
the maximum flood of record. The flood obtained from these assumptions,
however, muist be considered as one of less frequent occurrence than
once in 100 years because of the assumptions made of the 3~day prior
rainfall and the high run-off coefficient. This flood, when routed
through the reservoir with an outlet discharge of about 1,800 Cefege,
gave a spillway lip or maximum pool elevation of 566 feet. The storage
capocity (46,000 acre-feet) at this elevation was adopted. As a check
on the adequacy of this capacity, a design flood approaching the naxi-
mn probable flood was derived from the September 1932 storm, the great-
est of record in the New England regions This check flood, ds shown on
Figure III-U4, reaches an. elevation of 567.1 in the reservoir, requires
a maximum outlet discharge of 2000 second~feet and a noderate spillway
discharge of 1200 second-feet. This is believed to be a satisfactory
balance between storage and outlet capacity and represents a high de-
gree of control of major floods.

(¢) Determination of Outlet Capacity. - The dam will be built
in two stages, initially for flood control only and ultinately raised
to provide for flood control and power storage. Selection of the out-
let capacities therefore required adjustment so that without permitting
part-gate openings in operation the reservoir design outflow of 2000
cefus. during the peak of a flood would not be exceeded in either de-~
velopmente Since it will be practicable to operate the power plant of
the final project during floods with a discharge of about 1000 c.f.s.,
it is necessary to provide outlets of such size that preferably but one
outlet may be closed to compensate for this discharge and maintain the
total reserveir outflow at approximately 2000 cef.s. Excess gated out-
let capacity was desirable 1in order to expedite emptying the reservoir
after the flood. Also, it is desirable to keep the gate sizes the same.
After consideration and correlation of the foregoing, the outlet capa-~
city of 2000 cefese is provided in the initial development with one 3~
¢" x 6!-6" ungated outlet and one 3'-6" x 5'-3" gated outlet. Two ad-
ditional 3'-6" x 5'=3" gated outlets are to be installed initially but
not used for flood regulation. These additional outlets are available,
however, for use in decreasing the tinme required to empty the reservoir
after floods. In the ultimate develepment the ungated outlet will be
closed off and no longer used. The design dischargze of 2000 c.f.s. will
then be attained at Elevatien 584 by using two of the three gated open-
ings. The third gated outlet is then available for additional capacity
for emptying purposes. In the ultimate plan, the outflow can be held
at approximately 2000 c.fss8. with the power plant in operation by using
only one flood control eutlet.

(d) Discharge of Freshets. - The storage capacity of the re-
servolir is comparatively large and with additional outlet capacity avail~
able for emptying after floods, the reservoir is entirely adequate for
the discharge of freshets. It will rarely be filled to the spillway lip.
The September 1938 flood routed through the reservoir showed a maxirun
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reservoir stage below Elevation 555 and maximum storage of about 20,000
acre-feet.

(e) Time Required to Empty Regervoir. - With an assumed nat-

ural inflow of about 5 c.f.s. per square mile, the time required to ,
empty the reservoir from full pool in the initial plan is about 9 days
(see Figure III-4). For the ultimate plan the time required is 10 days.
For the initial development the 1936 flood volume requires$ about & days
to ermty with an average inflow during this period of 1100 cefese (see
Figure III-5F). : ;

- (f) Flood Discharze During Construction. - The contractor

will be required to conduct his operations in such manner that the dam
envanknent and dikes shall be kept sufficiently in advance of the con-
creting operations in the spillway so that with a discharge of 10,000
cefeses over the spillway as constructed, the river will not overtop the
dan embanknent or the dikes. This discharge of 10,000 c.f.s. in addi-
tion to available outlet capacities will permit safe passage of a flood
gonewhat in excess of the maxirmum of record.

(g) Operation of Reservoir. - As outlined in paragraph 3-06(c),
one ungated and three gated outlets are providede In the initial plan

the desired regulation will be obtained by using the ungated outlet and
one gated outlet fully opened at all times. The two additional gated
outlets will be kept closed unless it is desired to use them after floods
for decreasing the tine required to empty the reservoir. In the ultimate
developrent, the ungated outlet will be closed off. The desired regula~
tion 1s then obtained by operating two of the three gated outlets when
required or by using one outlet with the power plant in operation. The
third outlet is available as additional capacity for emptying the reser-
voir. Partial gate openings will not be required. The effect of Black-
water Reservoir on the maxirmum flood of record (March 1936) is shown on
Fizare. 1138,

* 3-07. Spillway Hydraulics. (a) Criterion for Capacity. = The spill-
way is required to have sufficient capacity to pass the spillway design

flood with a freeboard allowance of 5 feet for wave action and wind set-up
under the following conditions: the reservoir full to the spillway lip

at the start §f the flood and all outlets blocked or inoperative through-
out the flood period.

(v) illway Design Flood., - The computed svillway flood (see
paragraph 3-05(d)) was routed through the reservoir to obtain the reser-
voir discharge and the maxirmum water surface elevation. The inflow ordi-
nates of the computed spillvay flood were then increased 50 and 100 per-
cent and sinilarly routed through the reserveir. The data derived from
these three routings are shown graphically on Figure III-6 for the in-
itial plan and Figure 1II-8 for the ultimate development, where the per-
cent of computed spillway flood is plotted (a) against the pool elevation
in feet above mean sea level, and (b) against the peak inflows and out-
flows. After carefully considering all the factors itemized in paragraph
11 of Engineer Bulletin R. & He. No. 9, 1938, Subject: "Spillway Capacities",
it was decided to adopt, as the "Spillway Design Flood" for the Blackwater
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Dam, the computed spillway flood plus a factor of safety of 35 percent.
Inflow, outflow and stage hydrographs for the spillway design flood
under the initial plan are showm on Figure III-7. Corresponding data
for the ultimate development are given on Figure III-9. General data
concerning the flood are sumnmarized as follows:

Spillway Design Flood

Percent of increase over Computed Spillway Flood essss 322
Volume in acre-feet (including base flow) sesesssacees 1 300
Equivalent volune in inches of run-off sevsecsscccece
Peak inflow (C-foSo) 0000000000000 00006000000000000000 66 50
Myer Rating of peak inflow O N R Y PR Y XN 5880 VD
Peak outflow (Co .S') - initial Stage esvevecvccccccns ug 800

- ultinate development eessscces 1&0,500

Maxirmum pOOl elevation - initial stage 2000000 cesrsses 57990
- ultinate development ev9ovcevee 595.0
Freeboard provided - initial stage 90ese0scecrcone 5.0
- ultimate developnent ssececess 50

/.
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IV, HYDRAULIC DESIGN

4-01, Leocation of Discharge Structures, The spillway structure is
lecatad at ths laeft end of the dam in the granite reck gerge forming the
Blackwater River channsl, The cutlets are through the cencrete spillway
sectien, Discharge from the spillway and cutlsts is confined te this
reck cnann2l, entirely szparate from the dam embankment,

4-02, Spillway Design,  (a) Requirsments.— The spillway is ef con-
crete, with free overfall.ond is sdaqats t¢ pass ths spillway dasign floed
with a 5=foet freebcard allewance, This raquirss a capacity ef 42,800
cefoese in the initial development and 40,500 c.f.s. in the ultimate de-
valcpmant, The spillway prefile is designed to eliminate negative
prassures on the crsst and downstrsam face for a head equal te the sur-
charge at maximum discharge., The design of the spillway required that
thz lewsr perticen of the spillway prefile fer thes initial dsvelcpment
mist alsc satisfy the dischargs ccnditicns fer the ultimate dsvelepment
vhen the spillway is raisad te Elevaticn 584 M.S.L. The masenry line ef
beth initial and ultimate develepments was made tec cenferm te that recem—
manded by Creagsr and Justin (Hydre—~Electric Handbeeck, Table 32), fer a
head cf 13 feet initially and 11 fest ultimately. Adjustmant ~f the re—
quirad initial and ultimate spillway prefilss in relaticn te each cther
was mads by trial in crder that ths devmstrsam spillway slepe commen te
beth weuld be satisfactery tangent to the upper pertien of the spillway
prefiles, The selected mascnry line was checked by: (1) the thsoret—
ical lower nappe as given by Creager and Justin's Hydro—Elzsctric Hand-
beek, and (2) th: theoretical fermula x© = 1,8 hy as used in the Tech~
nical Reports, Part 7, of ths Miami Censsrvancy Districte 3Beth theoret—
ical curves lie within the prepcsad masenry line for both initial and
ultimate develepments, '

(b) Descripticn ef Spillway, and Approach and Dischares
Channels,~ For the initial develepment, the spillway has a langth ef 240
fest, crest at Elevatien 566 M,.S.L,, and was designed fer 13-feot maxi-
mum surcharge. For the ultimate devslepment, the spillway has a length
ef 290 fsat, crest at Elavaticn 584 M.S.L., and was designad for ll-feet
maximun surchargs, A shert buckat is previded at the bass of the spill-
way t¢ prevent direct impact ¢f the falling sha2t of wataor en the reck
channel bed, the radius ¢f the bucket baing abcut cna=-feurth of tha dis—
tance frem Elevatirn 595 MeS.Ls tr the channel bed, Ne stilling basin
¢r prctecticn werks was dsamed nacessary in this channsl, as the reck is
capable of withstanding high velocities witheut sndangering the structure
by erosion, In erder to fit the 24O-foot spillway of the initial de-
velopment into the narrow gorge, the base ¢f the spillway was stepped to
conform te the channel, the left end of the spillway being previded with
a minimum drop of 12 feet, The appreach channel is the natural river
channal, widened on the lsft bank with minimum approach dspth ef 5 feet
bslew the spillway lip, The cress—sectien ef ths appreoach channel, taken
at ths upstrsam end of the pansteck gatsheouse, is abeut 6,800 square
fest at Elevation 566 M.S.L. and 10,100 squars fsst at Elevatien 579
M,S.Le This represants the minimum arsa ef the approach channszl. About
100 fest upstream from the dam the arsa is in excsss ¢f 12,000 square
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fezty at EBlovation 579 M.S.L., giving a mean velecity ef approach less
than 3,6 feat per secend fer the spillway design fleed, The discharge
channel has ample capacity for sll anticipated fleed dischargss, Feor
the spillway design flecd, the channel below the dam has ample capacity
to pravent submergance, On the laft bank, the chann2l has a minimum
depth balew the crast ¢f the dam ¢f 12 fezt and a bed slepe staep

enough te carry tha flow away at high valecities, thus pravanting a
hydraulic jump er submsrgencs ef this perticen of the dam, Hewaver, to
pravant pessibla oeverflew ¢f the right bank with rasulting flew near

th: tea of the dam embn ant fer a fleed squal te tha spillway design
flecd, the narrow reck gergae is t¢ be enlarged te previde sufficient
arza at the mest rastricted secticn te givas a mean valeeity of abeut 22
fast par secrnd, Thae flew conditicns balew the dam cannct b determined
frem cemputaticns, It appears that a hydraulic jump may ferm at the
base ¢f the highest nerticn of the spillway, In this avent, the water
gurfaca weuld riss tec abcut Elavaticn 538 MeS.L., with a mean velecity
balew the jump ef but 7 faat per sscend, The fleer cvar th: spillway
cn aither side, vhich acccunts fer abeut 3/4 ¢f the tetal discharge will
net have sufficiant tail-water depths te f7rm a hydraulic jump, thare-
ferz the majrr perticn ¢f the 2n2rgy derived frem tha fall cver the dam,
with valeciiizs varying frem 25 fest par ssecnd te abcut 50 feat per
s2cend, will be ratained in the flew, The chann3l arza 80 fe3t balow
tha drm is sufficiant te previde fer a maan valeeity of abrut 15 faat
rar sscrnd at water—surface Elavaticn 538 M,S.L, It is dasirable nrt te
axcaad this slavaticn because ¢f anticipatad wave actien resulting frem
th2 mixing ¢f flews with varying snergy centent and flow dirseti~ns, Un-
deubtadly tha an2rgy oontent in the watar dus te valecity h:ad is graatar
than that due to tha average vealocity ef 15 fest per second, Assuming
this snergy haad aqual to sbout 6,0 faet (corresponding te a maan
velocity ef 20 fast par sscend) and daducting friction lessss, the vel-
ccity at the smallasst saction (160 fast downstraam) will ba abeut 22
faat par second, the corraspending water--surface will be at Elsvatien
536 MeS.L, Bolew this centrel ssction the channel capacity incrzasss,

(¢) Spillway Discharge Capacity.- The spillway discharge
capacity and correspending pocl claovation as gffacting tha dam was cem—
puted by means of the welr fermula, Q = CLH 3/2, in which: Q = ths total
dischargs in c,fesey L = the affective length ef spillway weir; H =
tetel head in feet en the spillway crest, the difference betwasn the
elavatien ¢f the snergy gradiant at the wair and the crest ¢f ths wair,
Becausa ef the dasp apprecach channsl, fricticnal lesses can be neglactad. .
The maximum value ¢f C usad is 3,8, vhich is censidersd censarvative fer
this type c¢f walr, The rating curves fer the spillway fer beth tho
initial and ultimate develepmants, and the ccafficients usad at the
savaral intarmadiate heads bolew maximum, are shewn in Figurs IV-1,
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4-03. OQutlct Decigne (a) The nuiber of outlets was limited to
the space availaile in the'river gorge and the size, aside from capacity,
to one that would readily pass debris, For these reasons, and the dis-
ctarge capacities reguired, 4 outlets were found to be the opt imum
nuuber,

(b) The size of outlets was determined by the gated outlet
size required in the ultimate development to pass approximately 1000
second-feet each with reservoir at spillway crest. The cross-sectional
srea of such an outlet was computed to be approxinately 18-1/2 square
rests It was considered desirable to have all the zates the same size
anG tle height of the gate about twice its width, with no transitions
or chinges in area in the outlets other than the bellmouth entrance.
ithe sulected dimensions of the outlet and gate passage are 5 ft. 3 in.
hijh and o ft. 6 in, wide. Three such gated outlets are provided.

(¢) The caracity of this size of outlet was then determined
vith reservoir Elevation 566 M.S.L. the spillway crest elevation of
the initial development, and found to be 870 c.f.s. Since it is pro-
posed to linit the outlet design discharge in the initial development
to 2000 second-feet, without regulation by partial gate openings, it
was found advantageous to provide an ungated outlet to discharge ap-
proximately 1150 second-feet. This, with one gated outlet left open
at all times, zives tie required flood control outlet capacity, no
gate operation being necessary except after a major flood when the
rezaining two gated outlets will be ovpened to permit rapid emptying
of the reservoir. Similarly, in the ultimate devclopment, during a
flouvd exceeding the power storase at Elevation 573 M.S.L., two of the
cutlets will be opened as recuired.

(d) Description of Outlets.- (1) The approach channel for
the outlets is located in the deepest part of the rock gorge forming
the river channel. The ciiannel has ample capacity for all flows per-
nmitting low velocities of approach., The invert of the 3 gated outlets
is about 5 feet above the natural rock bed elevation; the transition
from the natural channel to the intake clevation is a flat curve of
about 50-foot radius. The single ungated outlet is located at the
left side of the channel and requires excavating the approach channel
for about 75 feet upstreamns The channel bed is to be excavated to
Hlevation 513 M.3.L.. 2 feet below the outlet invert.

(2) Trash bars are provided for the 4 outlets. They
are semi-elliptical in section, their long axis set parallel to the
flow to minimize flow disturbance at the entrance. Mean velocities
through the trash bars will not exceed about 12 feet ver second,

(3) The transition of the gated outlets, from en-
trance section at the upstream end of the trash bars to the gate pas-
sage, 1s a bellmouth, about 17 feet long, laid out on easy curves ex-
tending to within 5 fect of the emergency gates. The top of the
trsnsition is shisped 40 a quarter ellipse, with the horizontal axis
about twice the vertical axise. Mean velocities for this intake are
siven in Figure IV-2 for rcservoir level at Elevation 584 and 566,
MeS.Le The bellwouth for the ungated cutlets is similar to that for
tiic gated outlets, the transition from the entrance area of 145
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square feet (10~3/4 ft. x 13-1/2 ft.) to the 3-1/2 ft. x 6-1/2 ft.
passageway being made in a distance of 15 feet,

(4) The gated outlets are provided with air vents in
the roof imnediately downstream from both the emergency and service
gates. It was considered advisable to vent the emergency gate as
well as the service gute to permit its use as a spare gate, although
its vent was not carried above maximum tailwater but well above that
anticipated with all 4 outlets discharging., Vent capacity provided
was made to conform to the data in Figure 2 given on page 180 of
"Dems and Control Works"™, U. S. Bureau of Reclamation (second edi-
tion).

(5) The gate guide slots produce considerable distur-
tance to flow, necessitating lining the gate passageways in the
vieinity of these slots.

(6) The downstream end of all outlets was curved
gownward, the inverts meeting the bucket of the spiklway on a para-
bolic curve that is flatter than the outflow trajectory with maximum
pool elevation., The outlets downstream from the bellmouth intake
are uniform in cross-section and area throughout their length.

(7) No stilling basin is provided as the outflow is
into a granite rock channel, Consideration was given to the use of a
splitter at the outlet portal similar to that devised for the Pitts-
burgh District, but these were not considered necessary from the
standpoint of channel erosion downstream. Their use could be justi-
fied to prevent ride-up along the right bank of the high velocity
jets from the outlets. To prevent this, it is proposed to carry the
channel at Elevation 512 M.3.L. for a distance of about 100 feet down-
stream, in line with the outlet nearest the right bank, At this
point the channel bank makes an angle of about 20 degrees with the
line of flow and would not casuse excessive ride-up; also, since there
ill not be sufficient tailwater depth to drown out the outlet dis-
charge, there will be considerable spreading of the flow along the
channel floor, with resulting dissipation of energy and velocity.

(e} Computation of Discharge Capacity.- For outlets flow-
ing full, the discharge capacity was determined on the basis of the
outlets discharging as an orifice, i.es, Q= A V28R , in which
G = the total discharge in c.f.s., A = the cposs-sectional area of
the outlet in square feet, and h = the net head in feet. The total
head was taken as the head between pond elevation and a point just
below the crown of the outlet portal. The net head, h, was deter-
mined by deducting from the gross head all head losses in the outlet,
including velocity head at the portal. Computations for head losses
are given in Figurces IV-3 to IV-6, lydraulic characteristics of the
outlets are shown in Figure IV-7. For outlets flowing part full,
pond clevations were computed for several discharges, considering the
control near the downstream end at the point where the outlet invert
is at critical slope for the given discharge. The rating curves for
tie ungated and gated outlets are shown in Figure IV-8, Rating
curves shown in Figure IV-9 are for the outlets operated in the ini-
tial development as outlined in paragraph 3-06(g); one curve for the
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ungated and one gated outlet remaining open at all times, the other
cucve for all outlets discharging after the flood, if required to
empty the reservoir rapidly. Figure IV-10 shows the rating curves
for one, two, and tiree gated outlets of the ultimate development,
wherein one outlet is used for floocd control as required in combina-
tion with the power plant discharge, two outlets are used (with no
power plant discharge) ac required for discharge during floods
cauging the power pool elevation to exceed 573 M.S.L., and all three
outlets if required to empty the reservoir after the flood. Figure
IV-11 shows the computations for determining the hydraulic and energy
sradients in the gated outlets for pool Elevation 584 M.S.L., and
Fizure IV-12 shows tie hydraulic and energy gradients in the gated
outlets with reservoir at spillway crest for both the initial and
final developments. There is no tailwater Tating curve available for
the outlets. However, studies made on the discharge channel capacity
indicated that for maximum outlet discharge the tailwater could not
rise high enough to affect the discharge capacities of the outlets.

4-04+ Freeboard. (a) General. - Sufficient freeboard is pro-
vided against overtoyping the dam by wave action at the maximum water
surface. Because of the unusually sheltered location of the Black-
water Dam with respect to the maximum possible conditions producing
wave action and wind set up, the minimum freeboard of 5 feet was
provided. This value of freeboard has been checked in accordance
with the general rules set forth in Engineer Bulletin R. & H. No. 9,
1938, and found adequate.

- (b) Allowance for Wind Set-up. - Using the formula of the
Lorentz Zuiderzes Comnission of Holland,

S = 400125 V°F cos A
i)

in which S = wind set-up in feet, V = velocity of wind in miles per
hour (taken as 80 miles per hour for this vicinity), F = fetch in
miles (about 5-1/2 miles for a raximum value), D = depth of reser-
voir in feet (about 40 feet with reservoir Elevation 579) and A =
ansle of wind and fetch (taken as zero for most extreme conditions),
the wind set-up is computed as 0.2 foot per mile of fetch or l.l
fect Tor a fetch of 5-1/2 miles.

(¢) Allowance for wave action.wns computed by the Stevenson
formula as modified by Molitop (see page 984, Trans. Am. Soc. C.E.,
Vol. 100, 1935)

4
h=0,17 VVF + 2.5 - VF

in which h = wave height in feet and V and F are defined and evalu-
ated as in the preceding paragraph.

(d) Allowance for ride-up of waves.was taken as l.4 times
the total height of wave as computed in the foresgoing paragraph.
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(e) Totul Freeboard Required. - Two possibilities were
tried for the dam. That producing the maximum condition was for the
meximum reservoir fetch of 5.5 miles for wind set-up, 4ssuming that
the maximum water surface produced by thisset up is transmitted to
the dem. Since it appears tibat the wind waves will be dissipated in
passing perpendicular to their path of travel to the pool above the
dem, the waximum fetch applicable above the dam is about 1/2 mile.
The computed value Of wind set-up and wave height produced under
these conditions 4§ less than 5 feet. For the dikes a fetch of 1-1/2
miles was used and the total computed value of wind set-up and wave
nelght found to be less than 5 feet.

4-05, Model Studies. No hydraulic model tests have been made.
sucii tests would be useful only for checking the adequacy of the
ciammel below the spillway to prevent overtopping the right bank
(see paragraph 4-02{b)).

4-06. Conclusions., The foregoing analysis of the hydraulic
design shows that the structures provided satisfy the following cri-
teria:

(1) The spillway and outlet capacity 2s so great that there
is no danger of overtopping.

(2) The freebosrd is so great that there is no danger of
overtopping by waves.

(3) ‘There is no opportunity for the free passage of water
frcm the upstrcam to the downstream face.
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